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Title : LaJora^^Diseas^^ 

FIELD OF THE INVENTION 

The invention relates to a novel gene, EPM2A, that is involved in Lafora's 
5 disease; the protein, Laforin, encoded by the gene; and methods of diagnosing and treating 
Lafora's disease, 

BACKGROUND OF THE INVENTIQN 

The epilepsies constitute one of the most common neurological disorders 
affecting 40 million people w^oridwide (1). Within the spectrum of epileptic syndromes is a 

10 group of heterogeneous inherited disorders named the Progressive Myoclonus Epilepsies 
(PME) in which progressive neurological decline and worsening primarily myoclonic 
seizures follow an initial period of normal development (2,3/4). Lafora's disease (LD) is an 
autosomal recessive and genetically heterogeneous form of Progressive Myoclonus Epilepsy 
characterized by polyglucosan inclusions seizures and cumulative neurological 

15 deterioration. The onset occurs during late childhood and usually results in death within a 
decade of first symptoms. With few exceptions, patients witi\ LD follow a homogeneous 
clinical course (4) despite the existence of genet-ic locus heterogeneity (5). Biopsy (or 
autopsy) of various tissues including brain, liver, muscle, and skin reveals characteristic 
periodic acid-Schiff positive polyglucosan inclusions (Lafora bodies) (6-9). Substantial 

20 biochemical and histological studies of these bodies suggest LD is a generalized storage 
disease (8,10,11)/ but the presumed enzymatic defect remains unknown. 

Linkage analysis and homozygosity mapping initially localized a Lafora*s 
disease locus (EPM2A) to a region at chromosome 6q23-q25 boimded by the genetic markers 
D6S1003 and D6S311 (12,13). However, there is a need in the art to more clearly define the 

25 region(s) mutated in Lafora's disease to allow for the development of accurate diagnostic 
assays for Lafora's disease. More specifically^ there is a need to sequence the gene 
associated with Lafora's Disease and to identify mutations and/or deletions in the gene 
that are causative of Lafora's Disease. 
SUMMARY OF THE INVENTION 

30 The present inventors have identified a novel gene, EPM2A, that is deleted or 

mutated in people with Lafora's disease. Using a positional cloning approach the 
inventors have identified at chromosome 6q24 the EPM2A gene that encodes a protein with 
consensus amino acid sequence indicative of a tyrosine phosphatase. Accordingly, the 
present invention provides an isolated nucleic acid molecule containing a sequence encoding 

35 an active catalytic site of a protein tyrosine phosphatase which is associated with 
Lafora's disease. 

In one embodiment of the invention, an isolated nucleic acid molecule is 
provided having a sequence as shown in SEQ.ID.NO.:! or Figure 13* 
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Preferably, the purified and isolated nucleic acid molecule comprises: 

(a) a nucleic acid sequence as shown in SEQ.ID.NO.:l and Figure 13, wherein T 



can also be U; 



5 



(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); 



(d) a fragment of (a) to (c) that is at least 15 bases, preferably 20 to 30 bases, 
and which will hybridize to (a) to (d) under stringent hybridization conditions; or 

(e) a nucleic acid molecule differing from any of the nucleic acids of (a) to (c) in 
codon sequences due to the degeneracy of the genetic code. 



segregate with Lafora's disease. These alterations would be predicted to abolish or cause 
deleterious effects on the protein product, Laforin, resulting in the primary defect in a large 
portion of patients with the disease. Accordingly, the present invention provides a method 
of detecting Lafora's disease comprising detecting a mutation or deletion in the EPM2A gene 

15 in a sample from a mammal. A mutation can be detected by sequencing the EFM2A gene, in 
particular in the region in the gene between markers D6S1003 and D6S1042, in a patient and 
comparing the sequence to the wild type EPM2A sequence shown in Figure 13 to determine if 
a mutation or deletion is present. A mutation or deletion can also be detected by assaying 
for the protein product encoded by EPM2A, Laforin. 

20 Other features and advantages of the present invention will become apparent 

from the following detailed description. It should be understood, however, that the 
detailed description and the specific examples while indicating preferred embodiments of 
the invention are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the 

25 art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 



10 



Fourteen different mutations in EPM2A in 24 families have been found that co- 



The invention will now be described in relation to the drawings in which: 

Figure 1 is a physical map of the Lafora's disease critical region. 

Figure 2A shows a refined mapping of the Lafora disease gene for Lafora family 



30 



LD39. 




Figure 2B is for Lafora family LD-L4. 

Figure 3 shows overlapping cDNA clones aligned with genomic DNA segments. 
Figure^4A is the nucleotide sequence and predicted amino acid sequence of 
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7 Figure 4C,.shows the FTP action sites of EPM2A, MTMI (Swiss prot. C13496), 

PTEN (Swiss proj/6o0633, FTP IB (Swiss prot APT P61F (GenBank LI4849) and viral FTP 

(Swiss prot A/^3534). 

Figure 5 is a Northern blot showing RNA expression pattern of EFM2A. 
5 Figure 6 A shows representative mutations found in Lafora's family LD-16. 

Figure 6B shows Lafora's family LD-33, 

Figure 7 is a nucleotide sequence of transcript A cDNA of the EFM2A gene 
(SEQJD.NO.:3). 

Figure 8 is the predicted amino acid sequence of transcript A (SEQ.ID,NO.:4). 
10 Figure 9 is a nucleotide sequence of transcript B cDNA of the EPM2A gene 

(SEQ.ID.NO.: 5). 

Figure 10 is the predicted amino acid sequence of transcript B (SEQ.ID.NO.: 6). 
Figure 11 is a refined map of the deletion breakpoints in families LD--L4^ LD9 

and LDl, 

15 Figure 12A is a restriction map of FCR products with primers HIF/FTPR. 

Figure 12B is the Kaelll and ?stl digestion of the HIF/FTFR FCR product. 
Figure 13 is the complete nucleic acid sequence of EFM2A. This is also shown in 
SEQJD.NO.:l. 

Figure 14 is the complete amino acid sequence of EPM2A. This is also shown in 

20 SEQ.ID,NO.:2. 

DETAILED DESCRIPTION OF THE INVENTION 

The present inventors constructed a high resolution physical map across the 
EPM2A gene to provide additional genetic and physical mapping reagents for refined 
localization of the disease gene. It was determined that the previously established 

25 critical region encompassed approximately 1.2 Mb of DNA. The map allowed the 
positioning of the location of 7 genetic markers, the metabotropic glutamate receptor 1 
(GRMl) gene, and 6 expressed sequence tags (EST) clusters (tentatively named LDCRl- 
LDCR6), within the interval (Figure 1). The genetic markers were then used to test for 
regions of homozygosity in each of the 30 families with Lafora's disease that appeared 

30 genotypically to arise due to mutations in a gene at 6q23-q25. In a single family (LD39), an 
extended chain of homozygous markers within the previously established critical region 
allowed the inventors to, tentatively, redefine the telomeric boundary at D6S1042 (Figure 
2A). Simultaneously, a homozygous deletion of marker D6S1703 in the affected of a 
consanguineous family (LD-L4) (Figure 2B) was detected. This observation confirmed the 

35 newly defined critical region to that 600 kb of DNA between D6S1003 and D6S1042, but 
more importantly, pinpointed the site of the disease gene within this region. 
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I. NUCLEIC ACID MOLECULES OF THE INVENTION 

As hereinbefore mentioned, the present invention relates to isolated nucleic 
acid molecules that are involved in Lafora's disease. The term "isolated" refers to a nucleic 
acid substantially free of cellular material or culture medium when produced by 
5 recombinant DNA techniques, or chemical precursors, or other chemicals when chemically 
synthesized. The term "nucleic acid" is intended to include DNA and RNA and can be 
either double stranded or single stranded. 

Broadly stated, the present invention provides an isolated nucleic acid 
molecule containing a sequence encoding an active catalytic site of a protein tyrosine 
10 phosphatase which is associated with Lafora's disease. The isolated nucleic acid 
molecule is preferably the EPM2A gene associated with Lafora's disease. In an embodiment 
of the invention, the isolated nucleic acid molecule has a sequence as shown in 
SEQ.ID.NO.:! and Figure 13. 



can also be U; 

(b) nucleic acid sequences complementary to (a); 

(c) nucleic acid sequences which are homologous to (a) or (b); 

(d) a fragment of (a) to (c) that is at least 15 bases^ preferably 20 to 30 bases, 
20 and which will hybridize to (a) to (d) imder stringent hybridization conditions; or 

(e) a nucleic acid molecule differing from any of the nucleic acids of (a) to (c) in 
codon sequences due to the degeneracy of the genetic code. 

The inventors have also isolated alternate forms of EFM2A which are 
generally referred to as transcript A and transcript B, herein. The nucleic acid sequence of 

25 transcript A is shown in SEQ.ID.NO.: 3 and Figure 7, The nucleic acid sequence of transcript 
B is shown in SEQ.ID.NO. :5 and Figure 9. The amino acid sequence encoded by transcript A 
is shown in SEQ.ID.NO.:4 and Figure 8. The amino acid sequence encoded by transcript B is 
shown in SEQJD.NO.:6 and Figure 10. 

The nucleic acid sequences shown m SEQJD.NOS.: 1, 3 and 5 (or Figures 13, 7 

30 and 9, respectively) can be collectively referred to herein as "the nucleic acid molecules of 
the invention". The amino acid sequences shown in SEQ.ID.NOS.: 2, 4 and 6 (or Figures 4 A, 
8 and 10, respectively) may be collectively referred to herein as the "proteins of the 
invention". 

It will be appreciated that the invention includes nucleic acid molecules 
35 encoding truncations of the proteins of the invention, and analogs and homologs of the 
proteins of the invention and truncations thereof, as described below. It will further be 
appreciated that variant forms of the nucleic acid molecules of the invention which arise 



15 



Preferably, the purified and isolated nucleic acid molecule comprises 

(a) a nucleic acid sequence as shown in SEQ.ID.NO. :1 and Figure 13, wherein T 
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by alternative splicing of an mRNA corresponding to a cDNA of the invention are 
encompassed by the invention. 

Further, it will be appreciated that the invention includes nucleic acid 
molecules comprising nucleic acid sequences having substantial sequence homology with the 
5 nucleic acid sequences of the invention and fragments thereof. The term "sequences having 
substantial sequence homology" means those nucleic acid sequences which have slight or 
inconsequential sequence variations from these sequences^ i.e. the sequences function in 
substantially the same manner to produce functionally equivalent proteins. The variations 
may be attributable to local mutations or structural modifications. 

10 Generally, nucleic acid sequences having substantial homology include nucleic 

acid sequences having at least 70%, preferably 80-90% identity with the nucleic acid 
sequences of the invention. 

Another aspect of the invention provides a nucleic acid molecule, and fragments 
thereof having at least 15 bases, which hybridizes to the nucleic acid molecules of the 

15 invention under hybridization conditions, preferably stringent hybridization conditions. 
Appropriate stringency conditions which promote DNA hybridization are known to those 
skilled in the art, or may be found in Current Protocols in Molecular Biology, John Wiley & 
Sons, N.Y. (1989), 6.3.1-6.3.6. For example, the following may be employed: 6.0 x sodium 
chloride/sodium citrate (SSC) at about 45''C, followed by a wash of 2,0 x SSC at 50°C. The 

20 stringency may be selected based on the conditions used in the wash step. For example, the 
salt concentration in the wash step can be selected from a high stringency of about 0.2 x SSC 
at 50°C. In addition, the temperature in the wash step can be at high stringency conditions, 
at about 65^C. 

Isolated and purified nucleic acid molecules having sequences which differ from 
25 the nucleic acid sequence shown in SEQ.ID.NO.:! or SEQ,ID.NO.:3 or SEQ.ID.NO.:5 due to 
degeneracy in the genetic code are also within the scope of the invention. 

Nucleic acid molecules from the EPM2A gene can be isolated by preparing a 
labelled nucleic acid probe based on all or part of the nucleic acid sequences as shown in 
SEQ.ID.NO.:! and Figure 13, and using this labelled nucleic acid probe to screen an 
30 appropriate DNA library (e.g. a cDNA or genomic DNA library). Nucleic acids isolated 
by screening of a cDNA or genomic DNA library can be sequenced by standard techniques. 

Nucleic acid molecules of the invention can also be isolated by selectively 
amplifying a nucleic acid using the polymerase chain reaction (PGR) methods and cDNA or 
genomic DNA. It is possible to design synthetic oligonucleotide primers from the nucleic 
35 acid molecules as shown in SEQ.ID.NO. :1 and Figure 13, for use in PGR. A nucleic acid can 
be amplified from cDNA or genomic DNA using these oligonucleotide primers and standard 
PGR amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterized by DNA sequence analysis. It will be appreciated 
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that cDNA may be prepared from mRNA, by isolating total cellular mRNA by a variety of 
techniques, for example, by using the guanidinium-thiocyanate extraction procedure of 
Chirgwin et al.. Biochemistry, 18, 5294-5299 (1979). cDNA is then synthesized from the 
mRNA using reverse transcriptase (for example, Moloney MLV reverse transcriptase 
5 available from Gibco/BRL, Bethesda, MD, or AMV reverse transcriptase available from 
Seikagaku America, Inc., St. Petersburg, FL). 

An isolated nucleic acid molecule of the invention which is RNA can be isolated 
by cloning a cDNA encoding a novel protein of the invention into an appropriate vector 
which allows for transcription of the cDNA to produce an RNA molecule which encodes the 

10 Laforin protein. For example, a cDNA can be cloned downstream of a bacteriophage 
promoter, (e.g. a T7 promoter) in a vector, cDNA can be transcribed in vitro with T7 
polymerase, and the resultant RNA can be isolated by standard techniques. 

A nucleic acid molecule of the invention may also be chemically synthesized 
using standard techniques. Various methods of chemically synthesizing 

15 polydeoxy nucleotides are known, including solid -phase synthesis which, like peptide 
synthesis, has been fully automated in commercially available DNA synthesizers (See 
e.g., Itakura et al U.S. Patent No. 4,598,049; Caruthers et al. U.S. Patent No. 4,458,066; and 
Itakura U.S. Patent Nos. 4,401,796 and 4,373,071), 

The initiation codon and untranslated sequences of the nucleic acid molecules of 

20 the invention may be determined using currently available computer software designed for 
the purpose, such as PC /Gene (IntelliGenetics Inc., Calif.). Regulatory elements can be 
identified using conventional techniques. The function of the elements can be confirmed by 
using these elements to express a reporter gene which is operatively linked to the elements. 
These constructs may be introduced into cultured cells using standard procedures. In addition 

25 to identifying regulatory elements in DNA, such constructs may also be used to identify 
proteins interacting with the elements, using techniques known in the art. 

The sequence of a nucleic acid molecule of the invention may be inverted 
relative to its normal presentation for transcription to produce an antisense nucleic acid 
molecule. Preferably, an antisense sequence is constructed by inverting a region preceding 

30 the initiation codon or an unconserved region. In particular, the nucleic acid sequences 
contained in the nucleic acid molecules of the invention or a fragment thereof, preferably a 
nucleic acid sequence shown in SEQ.ID.NO.:!, SEQ.ID.NO.:3 or SEQ.ID.NO,:5 may be 
inverted relative to its normal presentation for transcription to produce antisense nucleic 
acid molecules. 

35 The antisense nucleic acid molecules of the invention or a fragment thereof, may 

be chemically synthesized using naturally occurring nucleotides or variously modified 
nucleotides designed to increase the biological stability of the molecules or to increase the 
physical stability of the duplex formed with mRNA or the native gene e.g. 
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phosphorothioate derivatives and acridine substituted nucleotides. The antisense 
sequences may be produced biologically using an expression vector introduced into cells in 
the form of a recombinant plasmid, phagemid or attenuated virus in which antisense 
sequences are produced vmder the control of a high efficiency regulatory region, the activity 
5 of which may be determined by the cell type into which the vector is introduced. 

The invention also provides nucleic acids encoding fusion proteins comprising a 
novel protein of the invention and a selected protein, or a selectable marker protein (see 
below). 

II. NOVEL PROTEINS OF THE INVENTION 

10 The invention further includes an isolated protein encoded by the nucleic acid 

molecules of the invention. Within the context of the present invention, a protein of the 
invention may include various structural forms of the primary protein which retain 
biological activity. 

Broadly stated, the present invention provides an isolated protein containing a 

15 tyrosine phosphatase domain and which is associated with Lafora's disease. 

In a preferred embodiment of the invention, the protein has the amino acid 
sequence as shown in SEQ ID NO:2 and Figure 14. In another embodiment, the protein has 
the amino acid sequence shown in SEQ.ID,NO.:4 (or Figure 8) or SEQ.ID.NO.; 6 (or Figure 
10). 

20 In addition to full length amino acid sequences the proteins of the present 

invention also include truncations of the protein, and analogs, and homologs of the protein 
and truncations thereof as described herein. Truncated proteins may comprise peptides of at 
least fifteen amino acid residues. 

Analogs of the protein having the amino acid sequence shown in SEQ. ID. NO,: 2 

25 (Figure 14) or SEQ.ID.NO.:4 (Figure 8) or SEQ.ID.NO.:6 (Figure 10) and/or truncations 
thereof as described herein, may include, but are not limited to an amino acid sequence 
containing one or more amino acid substitutions, insertions, and /or deletions. Amino acid 
substitutions may be of a conserved or non-conserved nature. Conserved amino acid 
substitutions involve replacing one or more amino acids of the proteins of the invention with 

30 amino acids of similar charge, size, and /or hydrophobicity characteristics. When only 
conserved substitutions are made the resulting analog should be functionally equivalent. 
Non-conserved substitutions involve replacing one or more amino acids of the amino acid 
sequence with one or more amino acids which possess dissimilar charge, size, and/or 
hydrophobicity characteristics. 

35 One or more amino acid insertions may be introduced into the amino acid 

sequences shown in SEQ.ID.NO.:2 (Figure 14) or SEQ.ID.NO.:4 (Figure 8) or SEQ.ID.NO.:6 
(Figure 10). Amino acid insertions may consist of single amino acid residues or sequential 
amino acids ranging from 2 to 15 amino acids in length. For example, amino acid insertions 
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may be used to destroy target sequences so that the protein is no longer active. This 
procedure may be used in vivo to inhibit the activity of a protein of the invention. 

Deletions may consist of the removal of one or more amino acids, or discrete 
portions from the amino acid sequence shown in SEQ.ID.NO.:2 (Figure 14) or SEQJD,NO.;4 
5 (Figure 8) or SEQJD.NO.:6 (Figure 10). The deleted amino acids may or may not be 
contiguous. The lower limit length of the resulting analog with a deletion mutation is about 
10 amino acids, preferably 100 amino acids. 

Analogs of a protein of the invention may be prepared by introducing mutations 
in the nucleotide sequence encoding the protein. Mutations in nucleotide sequences 
10 constructed for expression of analogs of a protein of the invention must preserve the reading 
frame of the coding sequences. Furthermore, the mutations will preferably not create 
complementary regions that could hybridize to produce secondary mRNA structures, such as 
loops or hairpins, which could adversely affect translation of the receptor mRNA. 

Mutations may be introduced at particular loci by synthesizing oligonucleotides 
15 containing a mutant sequence, flanked by restriction sites enabling ligation to fragments of 
the native sequence. Following ligation, the resulting reconstructed sequence encodes an 
analog having the desired amino acid insertion, substitution, or deletion. 

Alternatively, oligonucleotide-directed site specific mutagenesis procedures 
may be employed to provide an altered gene having particular codons altered according to 
20 the substitution, deletion, or insertion required. Deletion or truncation of a protein of the 
invention may also be constructed by utilizing convenient restriction endonuclease sites 
adjacent to the desired deletion. Subsequent to restriction, overhangs may be filled in, and 
the DNA religated, Exemplary methods of making the alterations set forth above are 
disclosed by Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring 
25 Harbor Laboratory Press, 19B9). 

The proteins of the invention also include homologs of the amino acid sequence 
shown in SEQJD.NO.:2 (Figure 14) or SEQJD.NO.:4 (Figure 8) or SEQJD,NO.:6 (Figure 10) 
and/or truncations thereof as described herein. Such homologs are proteins whose amino 
acid sequences are comprised of amino acid sequences that hybridize under stringent 
30 hybridization conditions (see discussion of stringent hybridization conditions herein) with 
a probe used to obtain a protein of the invention. Preferably, homologs of a protein of the 
invention will have a tyrosine phosphatase region which is characteristic of the protein. 

A homologous protein includes a protein with an amino acid sequence having at 
least 70%, preferably 80-90% identity with the amino acid sequence as shown in 
35 SEQ.ID,NO.:2 (Figure 14) or SEQ.ID.NO.:4 (Figure 8) or SEQ.ID.NO.:6 (Figure 10), 

The invention also contemplates isoforms of the proteins of the invention. An 
isoform contains the same number and kinds of amino acids as a protein of the invention, but 
the isoform has a different molecular structure. The isoforms contemplated by the present 




• 
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invention are those having the same properties as a protein of the invention as described 
herein. 



selected protein, or a selectable marker protein (see below) to produce fusion proteins. 
5 Additionally, immunogenic portions of a protein of the invention are within the scope of 
the invention. 



prepared using recombinant DNA methods. Accordingly, the nucleic acid molecules of the 
present invention having a sequence which encodes a protein of the invention may be 

10 incorporated in a known manner into an appropriate expression vector which ensures good 
expression of the protein. Possible expression vectors include but are not limited to cosmids, 
plasmids, or modified viruses (e.g. replication defective retroviruses, adenoviruses and 
adeno-associated viruses), so long as the vector is compatible with the host cell used. The 
expression vectors are "suitable for transformation of a host cell", means that the 

15 expression vectors contain a nucleic acid molecule of the invention and regulatory sequences 
selected on the basis of the host cells to be used for expression, which is operatively linked 
to the nucleic acid molecule. Operatively linked is intended to mean that the nucleic acid 
is linked to regulatory sequences in a manner which allows expression of the nucleic acid. 



20 invention containing a nucleic acid molecule of the invention, or a fragment thereof, and the 
necessary regulatory sequences for the transcription and translation of the inserted 
protein-sequence. Suitable regulatory sequences may be derived from a variety of sources, 
including bacterial, fungal, or viral genes (For example, see the regulatory sequences 
described in Goeddel, Gene Expression Technology: Methods in Enzymology 185, Academic 

25 Press, San Diego, CA (1990). Selection of appropriate regulatory sequences is dependent on 
the host cell chosen, and may be readily accomplished by one of ordinary skill in the art. 
Examples of such regulatory sequences include: a transcriptional promoter and enhancer or 
RNA polymerase binding sequence, a ribosomal binding sequence, including a translation 
initiation signal. Additionally, depending on the host cell chosen and the vector 

30 employed, other sequences, such as an origin of replication, additional DNA restriction 
sites, enhancers, and sequences conferring inducibility of transcription may be incorporated 
into the expression vector. It will also be appreciated that the necessary regulatory 
sequences may be supplied by the native protein and/ or its flanking regions. 



35 DNA nucleic acid molecule of the invention cloned into the expression vector in an antisense 
orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in a 
manner which allows for expression, by transcription of the DNA molecule, of an RNA 
molecule which is antisense to a nucleotide sequence comprising the nucleotides as shown 



The present invention also includes a protein of the invention conjugated with a 



The proteins of the invention (including truncations, analogs, etc.) may be 



The invention therefore contemplates a recombinant expression vector of the 



The invention further provides a recombinant expression vector comprising a 
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SEQJD.NO.:!, SEQ.ID.NO.:3 or SEQ.ID.NO.:5. Regulatory sequertces operatively linked 
to the antisense riucleic acid can be chosen which direct the continuous expression of the 
antisense RNA molecule. 

The recombinant expression vectors of the invention may also contain a 
5 selectable marker gene which facilitates the selection of host cells transformed or 
transfected with a recombinant molecule of the invention. Examples of selectable marker 
genes are genes encoding a protein such as G418 and hygromycin which confer resistance to 
certain drugs, 6-galactosidase, chloramphenicol acetyltransferase, or firefly luciferase. 
Transcription of the selectable marker gene is monitored by changes in the concentration of 

10 the selectable marker protein such as 6-galactosidase, chloramphenicol acetyltransferase, 
or firefly luciferase. If the selectable marker gene encodes a protein conferring antibiotic 
resistance such as neomycin resistance transformant cells can be selected with G418. Cells 
that have incorporated the selectable marker gene will survive, while the other cells die. 
This makes it possible to visualize and assay for expression of recombinant expression 

15 vectors of the invention and in particular to determine the effect of a mutation on expression 
and phenotype. It will be appreciated that selectable markers can be introduced on a 
separate vector from the nucleic acid of interest. 

The recombinant expression vectors may also contain genes which encode a 
fusion moiety which provides increased expression of the recombinant protein; increased 

20 solubility of the recombinant protein; and aid in the purification of a target recombinant 
protein by acting as a ligand in affinity purification. For example, a proteolytic cleavage 
site may be added to the target recombinant protein to allow separation of the recombinant 
protein from the fusion moiety subsequent to purification of the fusion protein. 

Recombinant expression vectors can be introduced into host cells to produce a 

25 transformant host cell. The term "transformant host cell" is intended to include 
prokaryotic and eukaryotic cells which have been transformed or transfected with a 
recombinant expression vector of the invention. The terms "transformed with", "transfected 
with", "transformation" and "transfection" are intended to encompass introduction of 
nucleic acid (e.g. a vector) into a cell by one of many possible techniques known in the art. 

30 Prokaryotic cells can be transformed with nucleic acid by, for example, electrop oration or 
calcium-chloride mediated transformation. Nucleic acid can be introduced into mammalian 
cells via conventional techniques such as calcium phosphate or calcium chloride co- 
precipitation, DEAE-dextran-mediated transfection, lipofectin, electroporation or 
microinjection. Suitable methods for transforming and transfecting host cells can be foxand in 

35 Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd Edition^ Cold Spring Harbor 
Laboratory press (1989)), and other laboratory textbooks. 

Suitable host cells include a wide variety of prokaryotic and eukaryotic host 
cells. For example, the proteins of the invention may be expressed in bacterial cells such as 
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E. coli, insect cells (using baculovirus), yeast cells or mammalian cells. Other suitable host 
ceils can be foxmd in Goeddel, Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, CA (199 1). 

The proteins of the invention may also be prepared by chemical synthesis using 
5 techniques well known in the chemistry of proteins such as solid phase synthesis 
(Merrifield, 1964, J. Am, Chem, Assoc. 85:2149-2154) or synthesis in homogenous solution 
(Houbenweyl, 1987, Methods of Organic Chemistry, ed. E, Wansch, Vol 15 I and II, 
Thieme, Stuttgart). 
IIL APPLICATIONS 
10 A. Diagnostic Applications 

As previously mentioned, the present inventors have isolated and sequenced a 
novel gene EPM2A and have shown that it is deleted or mutated in people with Lafora's 
disease. As a result, the present invention also includes a method of detecting Lafora's 
disease by detecting a mutation or deletion in the Lafora's disease gene or protein. 
15 /) Detecting Mtitations in the Nucleic Add Sequence 

In one embodiment, the present invention provides a method for detecting 
Lafora's disease comprising detecting a deletion or mutation in the Lafora's disease gene in 
a sample obtained from an animal, preferably a mammal, more preferably a human. 
Preferably, the invention provides a method of detecting Lafora's disease comprising 
20 detecting a deletion or mutation in the Lafora's disease gene in the region between markers 
D6S1003 and D6S1042. 

The Examples and Tables 1 to 3 summarize some of the mutations found in 
EPM2A in patient's with Lafora's Disease, Screening assays can be developed for each of 
the mutations. Details of screening assays that may be employed for the 3 common 
25 mutations are provided in Example 3. 

One of the common EPM2A mutations is a C — > T nonsense mutation of the second 
base pair of exon 4 found at position 721 in Figure 13. This mutation destroys the recognition 
site for the restriction enzyme HaellL Accordingly, the C to T mutation can be detected in a 
sample by a method comprising: 

y (a) ampljl^fifig the nucleic acid sequences in the sample with primers HIF 

(5 ~GAATGCTCTJ^fCCACTTTGC-3) and PTPR (5'^GGCTCCTTAGGGAAATCAG-3') in a 
polymerase^^-rft^ji reaction; 

(b) digesting the amplified sequences with the restriction endonuclease Haelll; 

and 

35 (c) determining the size of the digested sequences wherein the presence of a 

fragment of approximately 199bp indicates the sample is from an animal with Lafora's 
disease or an animal that is a carrier of Lafora's disease. 
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Another common mutation in EMP2A is a G — > A mutation of base pair 115 in 
exon 4 (position 836 in Figure 13). This mutation creates a new PstI restriction site in the 
520bp DNA fragment that is amplified by primers HIF and PTPR, which is not found in 
normal, non-carrier individuals. Consequently, the present invention provides a method for 
5 detecting a G to A mutation in EMP2A by a method comprising: 
^A^^'^ (a) anipl'ifying the nucleic acid sequences in the sample with primers HIP 

(5'-GAATGCp2TTTCCACTTTGC-3) and PTPR (5'-GGCTCCTTAGGGAAATCAG-3') in a 



polymer^e chain reaction; 

(b) digesting the amplified sequences with the restriction endonuclease Pstl; 

10 and 

(c) determining the size of the digested sequences wherein the presence of at 
least one fragment of approximately 520bp indicates that the sample is from an animal 
that does not have Lafora's disease or an animal that is a carrier of Lafora's disease. 
Persons with Lafora's disease will have two variant bands of 195 base pairs and 350 base 

15 pairs. 

Many families with Lafora's disease have deletions of EPM2A. Patients 
homozygous for these deletions can be detected by the absence of PGR amplification 
products using primers JRGXBF/JRGXBR which amplify the deleted region. Consequently, 
the present invention includes a method for determining a deletion in the EMP2A gene by a 
20 method comprising: 

( a ) amplif yii^g^ the nucleic acid sequences in the sample with primers JRGXBF 
( 5 ' - TCC A JXGTGCTA ATGCT ATCTC- 3 ' ) a nd J RGXBR 
{5^-TCAGCTj!gorTTGAGGATATTT-3') in a polymerase chain reaction; and 

(b) detecting amplified sequence wherein the absence of an amplified sequence 
25 indicates that the sample is from an animal with Lafora's disease. 

One skilled in the art will appreciate that other methods, in addition to the 
ones discussed above and in the examples, can be used to detect mutations in the EPM2A 
gene. For example, in order to isolate nucleic acids from the Lafora's disease gene in a 
sample, one can prepare nucleotide probes from the nucleic acid sequences of the invention. 
30 In addition, the nucleic acid probes described herein (for example, see Figure 1) can also be 
used. A nucleotide probe may be labelled with a detectable marker such as a radioactive 
label which provides for an adequate signal and has sufficient half life such as ^^P, -^H, ^^C 
or the like. Other detectable markers which may be used include antigens that are 
recognized by a specific labelled antibody, fluorescent compounds, enzymes, antibodies 
35 specific for a labelled antigen, and chemiluminescent compounds. An appropriate label 
may be selected having regard to the rate of hybridization and binding of the probe to the 
nucleotide to be detected and the amount of nucleotide available for hybridization. 




wo 00/05405 PCT/CA99/06646 

- 13- 

Accordingly, the present invention also relates to a method of detecting the 
presence of a nucleic acid molecule from the EPM2A gene in a sample comprising contacting 
the sample under hybridization conditions with one or more of nucleotide probes which 
hybridize to the nucleic acid molecules and are labelled with a detectable marker, and 
5 determining the degree of hybridization between the nucleic acid molecule in the sample 
and the nucleotide probes. Preferably, the nucleic acid probes hybridize with a portion of 
the EPM2A gene containing a mutation site in Lafora's disease, for example, in the region 
between marker DS61003 and DS61042. 

Hybridization conditions which may be used in the methods of the invention 

10 are known in the art and are described for example in Sambrook J, Fritch EF, Maniatis T. In: 
Molecular Cloning, A Laboratory Manual,l989. (Nolan C, Ed.), Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY. The hybridization product may be assayed 
using techniques known in the art. The nucleotide probe may be labelled with a detectable 
marker as described herein and the hybridization product may be assayed by detecting the 

15 detectable marker or the detectable change produced by the detectable marker. 

Prior to hybridizing a sample with DNA probes, the sample can be treated 
with primers that flank the EPM2A gene in order to amplify the nucleic acid sequences in 
the sample. The primers used may be the ones described in the present application. For 
example, primers specific for the transcript A include 266F and GSP3. Primers for the 

20 transcript B include AA490925F and AA490925R. In addition, the sequence of the EPM2A 
gene provided herein also permits the identification and isolation, or synthesis of new 
nucleotide sequences which may be used as primers to amplify a nucleic acid molecule of the 
invention, for example in the polymerase chain reaction (PCR) which is discussed in more 
detail below. The primers may be used to amplify the genomic DNA of other species. The 

25 PCR amplified sequences can be examined to determine the relationship between the genes 
of various species. 

The length and bases of the primers for use in the PCR are selected so that they 
will hybridize to different strands of the desired sequence and at relative positions along 
the sequence such that an extension product synthesized from one primer when it is 

30 separated from its template can serve as a template for extension of the other primer into a 
nucleic acid of defined length. Primers which may be used in the invention are 
oligonucleotides i.e. molecules containing two or more deoxyribonucleotides of the nucleic 
acid molecule of the invention which occur naturally as in a purified restriction 
endonuclease digest or are produced synthetically using techniques known in the art such as 

35 for example phosphotriester and phosphodiester methods (See Good et al Nucl, Acid Res 
4:2157, 1977) or automated techniques (See for example, Conolly, B .A. Nucleic Acids Res. 
15:15(7): 3131, 1987), The primers are capable of acting as a point of initiation of synthesis 
when placed under conditions which permit the synthesis of a primer extension product 
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which is complementary to the DNA sequence of the invention i.e. in the presence of 
nucleotide substrates, an agent for polymerization such as DNA polymerase and at suitable 
temperature and pH, Preferably, the primers are sequences that do not form secondary 
structures by base pairing with other copies of the primer or sequences that form a hair pin 
5 configuration. The primer preferably contains between about 7 ai^d 25 nucleotides. 

The primers may be labelled with detectable markers which allow for 
detection of the amplified products. Suitable detectable markers are radioactive markers 
such as P-32, S-35, 1-125, and H-3, luminescent markers such as chemiluminescent markers, 
preferably luminol, and fluorescent markers, preferably dansyl chloride, 

10 fluorcein-5-isothiocyanate, and 4-fluor-7-nitrobenz-2-axa-l,3 diazole, enzyme markers 
such as horseradish peroxidase, alkaline phosphatase, fi-galactosidase, 
acetylcholinesterase, or biotin. 

It will be appreciated that the primers may contain non-complementary 
sequences provided that a sufficient amount of the primer contains a sequence which is 

15 complementary to a nucleic acid molecule of the invention or oligonucleotide fragment 
thereof, which is to be amplified. Restriction site linkers may also be incorporated into the 
primers allowing for digestion of the amplified products with the appropriate restriction 
enz3anes facilitating cloning and sequencing of the amplified product. 

In an embodiment of the invention a method of determining the presence of a 

20 nucleic acid molecule of the invention is provided comprising treating the sample with 
primers which are capable of amplifying the nucleic acid molecule or a predetermined 
oligonucleotide fragment thereof in a polymerase chain reaction to form amplified 
sequences, under conditions which permit the formation of amplified sequences and, 
assaying for amplified sequences. 

25 The polymerase chain reaction refers to a process for amplifying a target 

nucleic acid sequence as generally described in Innis et al. Academic Press, 1990 in Mullis el 
al., U.S. Pat. No, 4,863,195 and Mullis, U.S. Patent No. 4,683,202 which are incorporated 
herein by reference. Conditions for amplifying a nucleic acid template are described in 
M.A. Innis and D.H. Gelfand, PGR Protocols, A Guide to Methods and Applications M.A. 

30 Innis, D.H. Gelfand, JJ. Sninsky and T.J. White eds, pp3-12. Academic Press 1989, which is 
also incorporated herein by reference. 

The ampHfied products can be isolated and distinguished based on their 
respective sizes using techniques known in the art. For example, after amplification, the 
DNA sample can be separated on an agarose gel and visuaUzed, after staining with 

35 ethidium bromide, under ultra violet (UW) light. DNA may be amplified to a desired 
level and a further extension reaction may be performed to incorporate nucleotide 
derivatives having detectable markers such as radioactive labelled or biotin labelled 
nucleoside triphosphates. The primers may also be labelled with detectable markers as 




wo 00/05405 PCT/CA99/00646 

-15- 

discussed above. The detectable markers may be analyzed by restriction and 

eiectrophoretic separation or other techniques known in the art. 

The conditions which may be employed in the methods of the invention using 

PCR are those which permit hybridization and amplification reactions to proceed in the 
5 presence of DNA in a sample and appropriate complementary hybridization primers. 

Conditions suitable for the polymerase chain reaction are generally known in the art. For 

example, see M.A. Innis and D.H. Gelfand, PCR Protocols, A guide to Methods and 

Applications M,A. Innis, D.H. Geifand, J.J. Sninsky and T.J. White eds, pp3-12. Academic 

Press 1989, which is incorporated herein by reference. Preferably, the PCR utilizes 
10 polymerase obtained from the thermophilic bacterium Thermits aquatics (Taq polymerase, 

GeneAmp Kit, Perkin Elmer Cetus) or other thermostable polymerase may be used to 

amplify DNA template strands. 

It will be appreciated that other techniques such as the Ligase Chain 

Reaction (LCR) and NASBA may be used to amplify a nucleic acid molecule of the 
15 invention (Barney in "PCR Methods and Applications", August 1991, VoLl(l), page 5, and 

European Published Application No. 0320308, published June 14, 1989, and U.S. Serial NO. 

5,130,238 to Malek). 

(ii) Detecting the Laforin Protein 

In another embodiment, the present invention provides a method for detecting 
20 Lafora's disease comprising determining if the Laforin protein is present in a sample from 

an animal. 

The Laforin protein of the present invention may be detected in a biological 
sample using antibodies that are specific for Laforin using various immunoassays that are 
discussed below. 

25 Conventional methods can be used to prepare the antibodies. For example, by 

using a peptide from the Laforin protein of the invention, polyclonal antisera or monoclonal 
antibodies can be made using standard methods. A mammal, (e.g., a mouse, hamster, or 
rabbit) can be immunized with an immunogenic form of the peptide which elicits an 
antibody response in the mammal. Techniques for conferring immunogenicity on a peptide 

30 include conjugation to carriers or other techniques well known in the art. For example, the 
peptide can be administered in the presence of adjuvant. The progress of immunization can 
be monitored by detection of antibody titers in plasma or serum. Standard ELISA or other 
immunoassay procedures can be used with the immunogen as antigen to assess the levels of 
antibodies. Following immunization, antisera can be obtained and, if desired, polyclonal 

35 antibodies isolated from the sera. 

To produce monoclonal antibodies, antibody producing cells (lymphocytes) can 
be harvested from an immunized animal and fused with myeloma cells by standard somatic 
cell fusion procedures thus immortalizing these cells and yielding hybrid oma cells. Such 
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techniques are well known in the art, (e.g., the hybridoma technique originally developed 
by Kohler and Milstein (Nature 256, 495-497 (1975)) as well as other techniques such as the 
human B-cell hybridoma technique (Kozbor et aL, Immunol. Today 4, 72 (1983)), the EBV- 
hybridoma technique to produce human monoclonal antibodies (Cole et al. Monoclonal 
5 Antibodies in Cancer Therapy (1985) Allen R. Bliss, Inc., pages 77-96), and screening of 
combinatorial antibody libraries (Huse et aL, Science 246, 1275 (1989)]. Hybridoma cells 
can be screened immunochemically for production of antibodies specifically reactive with 
the peptide and the monoclonal antibodies can be isolated. Therefore, the invention also 
contemplates hybridoma cells secreting monoclonal antibodies with specificity for a 

10 protein of the invention. 

The term ''antibody" as used herein is intended to include fragments thereof 
which also specifically react with a protein, of the invention, or peptide thereof. 
Antibodies can be fragmented using conventional techniques and the fragments screened for 
utility in the same manner as described above. For example, F(ab')2 fragments can be 

15 generated by treating antibody with pepsin. The resulting F(ab')2 fragment can be treated 

to reduce disulfide bridges to produce Fab' fragments. 

Chimeric antibody derivatives, i.e., antibody molecules that combine a non- 
human animal variable region and a human constant region are also contemplated within 
the scope of the invention. Chimeric antibody molecules can include, for example, the 

20 antigen binding domain from an antibody of a mouse, rat, or other species, with human 
constant regions. Conventional methods may be used to make chimeric antibodies 
containing the immunoglobulin variable region which recognizes a CipA protein (See, for 
example, Morrison et al., Proc. Natl Acad, ScL U.S.A. 81,6851 (1985); Takeda et aL, 
Nature 314, 452 (1985), Cabilly et al., U.S. Patent No. 4,816,567; Boss et aL, U.S. Patent 

25 No. 4,816,397; Tanaguchi et aL, European Patent PubUcation EPl 71496; European Patent 
Publication 0173494, United Kingdom patent GB 2177096B). 

Monoclonal or chimeric antibodies specifically reactive with a protein of the 
invention as described herein can be further himianized by producing human constant region 
chimeras, in which parts of the variable regions, particularly the conserved framework 

30 regions of the antigen -binding domain, are of human origin and only the hyper variable 
regions are of non-human origin. Such immunoglobulin molecules may be made by techniques 
known in the art, (e.g., Teng et aL, Proc. Natl. Acad. Sci. U.S.A., 80, 7308-7312 (1983); 
Kozbor et aL, Immunology Today, 4, 7279 (1983); Olsson et aL, Meth, EnzymoL, 92, 3-16 
(1982)), and PCT Publication WO92/06193 or EP 0239400). Humanized antibodies can also 

35 be commercially produced (Scotgen Limited, 2 Holly Road, Twickenham, Middlesex, Great 
Britain,) 
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Specific antibodies, or antibody fragments, reactive against a protein of the 
invention may also be generated by screening expression libraries encoding immunoglobulin 
genes, or portions thereof, expressed in bacteria with peptides produced from the nucleic 
acid molecules of the present invention. For example, complete Fab fragments, VH regions 
5 and FV regions can be expressed in bacteria using phage expression libraries (See for 
example Ward et aL, Nature 341, 544-546: (1989); Huse et al.. Science 246, 1275-1281 (1989); 
and McCafferty et al. Nature 348, 552-554 (1990)). 

Antibodies may also be prepared using DNA immunization. For example, an 
expression vector containing a nucleic acid of the invention (as described above) may be 

10 injected into a suitable animal such as mouse. The protein of the invention will therefore be 
expressed in vivo and antibodies will be induced. The antibodies can be isolated and 
prepared as described above for protein immunization. 

The antibodies may be labelled with a detectable marker including various 
enzymes, fluorescent materials, luminescent materials and radioactive materials. 

15 Examples of suitable enzymes include horseradish peroxidase, biotin, alkaline 
phosphatase, fi-galactosidase, or acetylcholinesterase; examples of suitable fluorescent 
materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; and examples of suitable radioactive material 

20 include S-35, Cu-64, Ga-67, Zr-89, Ru-97, Tc-99m, Rh-105, Pd-109, In-Ill, 1-123, 1-125, 1131, 
Re-186, Au-198, Au-199, Pb-203, At-211, Fb-212 and Bi-212. The antibodies may also be 
labelled or conjugated to one partner of a ligand binding pair. Representative examples 
include avidin-biotin and riboflavin-riboflavin binding protein. Methods for conjugating or 
labelling the antibodies discussed above with the representative labels set forth above 

25 may be readily accomplished using conventional techniques. 

The antibodies reactive against proteins of the invention (e.g. enzyme 
conjugates or labelled derivatives) may be used to detect a protein of the invention in 
various samples, for example they may be used in any known immunoassays which rely on 
the binding interaction between an antigenic determinant of a protein of the invention and 

30 the antibodies. Examples of such assays are radioimmunoassays, enzyme immunoassays 
(e.g. ELISA), immunofluorescence, immuno-precipitation, latex agglutination, 
hemagglutination, and histochemical tests. Thus, the antibodies may be used to identify or 
quantify the amount of a protein of the invention in a sample in order to diagnose the 
presence of Lafora's disease. 

35 In a method of the invention a predetermined amount of a sample or 

concentrated sample is mixed with antibody or labelled antibody. The amount of antibody 
used in the process is dependent upon the labelling agent chosen. The resulting protein 
bound to antibody or labelled antibody may be isolated by conventional isolation 
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techniques, for example, salting out, chromatography, electrophoresis, gel filtration, 
fractionation, absorption, polyacrylamide gel electrophoresis, agglutination, or 
combinations thereof. 

The sample or antibody may be insolubilized, for example, the sample or 
5 antibody can be reacted using known methods with a suitable carrier. Examples of suitable 
carriers are Sepharose or agarose beads. When an insolubilized sample or antibody is used 
protein bound to antibody or unreacted antibody is isolated by washing. For example, when 
the sample is blotted onto a nitrocellulose membrane, the antibody boimd to a protein of the 
invention is separated from the unreacted antibody by washing with a buffer, for example, 

10 phosphate buffered saline (PBS) with bovine serum albumin (BSA). 

When labelled antibody is used, the presence of Laforin can be determined by 
measuring the amount of labelled antibody bound to a protein of the invention in the sample 
or of the unreacted labelled antibody. The appropriate method of measuring the labelled 
material is dependent upon the labelling agent. 

15 When unlabelled antibody is used in the method of the invention, the presence 

of Laforin can be determined by measuring the amoimt of antibody bound to the protein using 
substances that interact specifically with the antibody to cause agglutination or 
precipitation. In particular, labelled antibody against an antibody specific for a protein of 
the invention, can be added to the reaction mixture. The presence of a protein of the 

20 invention can be determined by a suitable method from among the already described 
techniques depending on the type of labelling agent. The antibody against an antibody 
specific for a protein of the invention can be prepared and labelled by conventional 
procedures known in the art which have been described herein. The antibody against an 
antibody specific for a protein of the invention may be a species specific 

25 anti-immunoglobuUn antibody or monoclonal antibody, for example, goat anti-rabbit 
antibody may be used to detect rabbit antibody specific for a protein of the invention. 
(iii) Kits 

The reagents suitable for carrying out the methods of the invention may be 
packaged into convenient kits providing the necessary materials, packaged into suitable 

30 containers. Such kits may include all the reagents required to detect a nucleic acid molecule 
or protein of the invention in a sample by means of the methods described herein, and 
optionally suitable supports useful in performing the methods of the invention. 

In one embodiment of the invention, the kit includes primers which are capable 
of amplifying a nucleic acid molecule of the invention or a predetermined oligonucleotide 

35 fragment thereof, all the reagents required to produce the amplified nucleic acid molecule 
or predetermined fragment thereof in the polymerase chain reaction, and means for 
assaying the amplified sequences. The kit may also include restriction enzymes to digest 
the PGR products. In another embodiment of the invention the kit contains a nucleotide 
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probe which hybridizes with a nucleic acid molecule of the invention, reagents required for 
hybridization of the nucleotide probe with the nucleic acid molecule, and directions for its 
use. In a further embodiment of the invention the kit includes antibodies of the invention 
and reagents required for binding of the antibody to a protein of the invention in a sample. 
5 The methods and kits of the present invention may be used to detect Lafora's 

disease. Samples which may be tested include bodily materials such as blood, urine, serum, 
tears, saliva, feces, tissues, cells and the like. In addition to human samples, samples may 
be taken from mammals such as non-human primates, etc. 

Before testing a sample in accordance with the methods described herein, the 
10 sample may be concentrated using techniques known in the art, such as centrifugation and 
filtration. For the hybridization and/or PCR-based methods described herein, nucleic 
acids may be extracted from cell extracts of the test sample using techniques known in the 
art, 

B, Therapeutic Applications 

15 As mentioned previously, the nucleic acid molecules of the present invention are 

deleted or mutated in people with Lafora's disease. Accordingly, the present invention 
provides a method of treating or preventing Lafora's disease by administering a nucleic 
acid sequence containing a sufficient portion of the EPM2A gene to treat or prevent Lafora's 
disease. 

20 Recombinant molecules comprising a nucleic acid sequence or fragment thereof, 

may be directly introduced into cells or tissues in vivo using delivery vehicles such as 
retroviral vectors, adenoviral vectors and DNA virus vectors. They may also be introduced 
into cells in vivo using physical techniques such as microinjection and electroporation or 
chemical methods such as coprecipitation and incorporation of DNA into liposomes. 

25 Recombinant molecules may also be delivered in the form of an aerosol or by lavage. 

The nucleic acid sequences may be formulated into pharmaceutical compositions 
for adminstration to subjects in a biologically compatible form suitable for administration 
in vivo. By "biologically compatible form suitable for administration in vivo" is meant a 
form of the substance to be administered in which any toxic effects are outweighed by the 

30 therapeutic effects. The substances may be administered to living organisms including 
humans, and animals. Administration of a therapeutically active amount of the 
pharmaceutical compositions of the present invention is defined as an amount effective, at 
dosages and for periods of time necessary to achieve the desired result. For example, a 
therapeutically active amount of a substance may vary according to factors such as the 

35 disease state, age, sex, and weight of the individual, and the ability of antibody to elicit a 
desired response in the individual. Dosage regrma may be adjusted to provide the optimum 
therapeutic response. For example, several divided doses may be administered daily or 
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the dose may be proportionally reduced as indicated by the exigencies of the therapeutic 
situation. 

The active substance may be administered in a convenient manner such as by 
injection (subcutaneous; intravenous, etc.)/ oral administration, inhalation, transdermal 
5 application, or rectal administration. Depending on the route of administration, the active 
substance may be coated in a material to protect the compound from the action of enzymes, 
acids and other natural conditions v^hich may inactivate the compound. 

The compositions described herein can be prepared by per se known methods for 
the preparation of pharmaceutically acceptable compositions which can be administered 

10 to subjects, such that an effective quantity of the active substance is combined in a mixture 
with a pharmaceutically acceptable vehicle. Suitable vehicles are described, for 
example, in Remington's Pharmaceutical Sciences (Remington's Pharmaceutical Sciences, 
Mack Publishing Company, Easton, Pa., USA 1985). On this basis, the compositions include, 
albeit not exclusively, solutions of the substances in association with one or more 

15 pharmaceutically acceptable vehicles or diluents, and contained in buffered solutions with 
a suitable pH and iso-osmotic with the physiological fluids. 
C. Experimental Models 

The present invention also includes methods and experimental models for 
studying the function of the EPM2A gene and Laforin protein. Cells, tissues and non-human 

20 animals that lack the EPM2A gene or partially lack in Laforin expression may be 
developed using recombinant expression vectors having a specific deletion or mutation in 
the EPM2A gene. A recombinant expression vector may be used to inactivate or alter the 
EPM2A gene by homologous recombination and thereby create an EPM2A deficient cell, 
tissue or animal. 

25 Null alleles may be generated in cells, such as embryonic stem cells by deletion 

mutation. A recombinant EPM2A gene may also be engineered to contain an insertion 
mutation which inactivates EPM2A. Such a construct may then be introduced into a cell, 
such as an embryonic stem cell, by a technique such as transfection, electroporation, injection 
etc. Cells lacking an intact EPM2A gene may then be identified, for example by Southern 

30 blotting. Northern Blotting or by assaying for EPM2A using the methods described herein. 
Such cells may then be fused to embryonic stem cells to generate transgenic non-human 
animals deficient in EPM2A. Germline transmission of the mutation may be achieved, for 
example, by aggregating the embryonic stem cells with early stage embryos, such as 8 cell 
embryos, in vitro; transferring the resulting blastocysts into recipient females and; 

35 generating germline transmission of the resulting aggregation chimeras. Such a mutant 
animal may be used to define specific cell populations, developmental patterns and in vivo 
processes, normally dependent on EPM2A expression. The present invention also includes 
the preparation of tissue specific knock-outs of the EPM2A gene. 
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The following non-limiting examples are illustrative of the present invention: 

EXAMPLES 

EXAMPLE 1 

Characterization of EPM2A 
5 Materials and Methods 

Patients. The diagnosis of Lafora's disease in patients with teenage onset 
progressive myoclonus epilepsy was confirmed by demonstration of Lafora bodies in skin, 
liver, muscle or brain biopsies (6-9) in at least one affected member from each of 38 families 
included in this study. 

10 Physical mapping. Using mapping data available from the Whitehead 

Institute/MIT Genome Center (http://mit-genome.wi.mit.edu/) as well as by identifying 
additional clones it was possible to establish an overlapping set of yeast artificial 
chromosome (YAC) clones between D6S1003 and D6S311. A total of 136 markers (12 genes, 
41 ESTs, and 83 STSs/probes) were assayed against the YAC contig and 32 of these were 

15 found to be in the EPM2A critical region (Figure 1). We also isolated 129 Pl-derived 
artificial chromosomes (PACs) which cover an estimated 90% of the region between 
D6S1003 and D6S311 and have aligned the PACs by probe content, restriction mapping, as 
well fingerprint analysis. Information on all DNA markers can be found at the Genome 
DataBase (http:// www. gdbwww, gdb.org/) or the Sanger Genome Center WWW site 

20 (http://www.sanger.ac.uk/HGP/Chr6/). 

Figure 1 illustrates the physical map of the Lafora's disease critical region. 
(A). A yeast artificial chromosome (YAC) contig was established covering the 1.5 Mb 
critical region between D6S1003 and D6S311. The presence of a DNA marker on a YAC clone 
is shown by a corresponding vertical bar. The markers that are highlighted with a circle 

25 and a square represent genetic markers or ESTs, respectively, while the remaining ones are 
unique landmarks (STSs). The region between D6S1003 and D6S1042 that demonstrated an 
extended region of homozygosity in affected members of a previously uncharacterized 
family is shown by a thicker horizontal bar and this is the new EPM2A critical region (see 
Figure 2A); (B). A Pl-derived artificial chromosome (PAC) map encompassing the 

30 immediate region surround D6S1703. The extent of the deletion could be defined by PCR 
analysis of mapped STSs (see Figure 2B). LDCR4 represents a transcript of unidentified 
function and EPM2A is the Lafora disease gene. Since the 5*-end of this gene is not yet 
known it is represented with a dashed Hne. 

Northern blots^cONA library screening, and RACE, Multiple- tissue (cat. 

35 #7760-1) and HumanJBfain II (cat. ^7755-1) Northern blots were purchased from Clontech 
and hybridizatipri was carried out as recommended by the supplier. The transcript A 
specific prob-^was generated using PCR primers 266F (5'-CGGCACGAGGATTATrCAAG-3') 
andj85ra (5'-GCTCGGGTACTGAGGTCTG-3') which amplified an 190 bp fragment from 
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cDNA clone 266552/{'rigure 3). The transcript B specific probe was derived using PGR 
[ primers AA490925F (5'-AGTTGTTACACAGGGTTGTTGG-3') and AA490925R (5'- 
AGGCTGTACATCAGACAGAAGG-3') which amplified an 373 bp segment from cDNA 
SFB14 (Figure 3). We have sequenced the HTF-island shown in Figure IB at the 5' -end of 
5 EF^A. 

Genotyping* Haplotypes for 6q23-25 were constructed for all family members 
using microsatellite markers at loci D6S314, D6S1704, D6S1003, D6S1010, D6S1049, 
D6S1703, D6S1042, D6S1649, D6S978, D6S311 and D6S1637. Primer sequences were obtained 
from Genethon or from the Cooperative Human Linkage Centre. PGR conditions have been 

10 reported previously (13). PCR products were separated on polyacrylamide gels. In 8 
families (20%), haplotype analyses revealed evidence against linkage to 6q23-25. Of the 
remaining 30 LD families 16 reported a history of consanguinity. Thirty-one of these 
. families have been described previously (refs. 12, 13, 25, 25). 

I Mutation Analysis. Mutations were detected by radioactive cycle sequencing 

15 using the Thermosequenasejpt (Amersham Life Science) with Qiagen column purified PCR 
products. The comJ?ifiations of PCR primer pairs used were JRGXBCF (5'- 
TCCATTGTGCTAAt6cTATCTC-3') and JRGXBCR (5 "TCAGCTTGCTTTGAGGATATTT- 
3'); product si^e^ 310 bp, 824F (5^-GCCGAGTACAGATGCTGCC-3' and 824R (5*- 
CACACAjCTCCTTTCAGTTCAGG-3'); product size 384 bp, and HIF (5'- 

20 GAATeCTCTTTCCACTTTGC-3' and 824R; product size 587 bp. The position of the primers 
aj:^hown in Figure 3, 

Characterization of Lafora^s Disease Gene 

To characterize the extent of the homozygous deletion in the affected in LD-L4 
a Pl-derived artificial chromosome (PAC) contig extending outwards from D6S1703 was 

25 constructed. It could be determined that the deletion encompassed approximately 50 kb and 
that it did not interrupt directly the LDCR4 transcription unit (Figure IB). PAC clones 
365C1, 466P17 and 28H5 (which encompassed the deletion) were sequenced in order to 
identify new candidate transcription units (Figure IB). A segment of DNA (E42) located 
within the deletion detected a single EST (clone 743381) in the database (Figure 3). DNA 

30 sequencing of this cDNA indicated it contained a segment of identity with one other EST 
(266552). This EST, however, was aligned previously with others into separate groups (or 
Unigenes named Hs.22464 and Hs. 112229). Subsequently, we used clone 743381 and 824559 
and PCR primers derived from their sequence for screening of multiple cDNA libraries in an 
attempt to clone the entire coding region of this gene. 

35 Figure 2 shows a refined mapping of the Lafora disease gene. (A) Pedigrees and 

genotype data are provided for Lafora family LD39. Individuals affected (solid) or 
unaffected (open) with Lafora disease are indicated- Below each individual is the 
corresponding genotype data (the markers are listed in their order from centromere (top) to 
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telomere (bottom) as determined using the physical map shown in Figure 1). The boxed 
segments of the haplotypes indicate regions of homozygosity. The loci in bold indicate the 
previous LD critical region. (B) Detection of 2 markers (D6S1703 and 109F4.E05.5) 
determined to be absent by PGR in the affected members of the consanguineous Lafora 
5 family LD-L4. 

Figure 3 shows overlapping cDNA clones aligned with genomic DNA segments. 
The portions of each cDNA clone for which there was sequence is represented with a box. 
The corresponding genomic fragments are shown as stippled boxes below. The clones 
preceded with an (E) and (H) represent EcoRl and Hindlll fragments, respectively. The 

10 positions of the primers used for mutation screening are shown as is the site of the 
phosphatase domain and the stop codon ('*'). 

Through analysis of the alignment of the DNA sequences of all of the EST 
clones as well as the newly identified cDNAs, at least 4 putative types of transcripts that 
corresponded to EPM2A could be defined (named transcript A, B, C, and D (Figure 3). The 

15 cDNAs grouped into transcript A could be categorized based on regions of sequence identity 
at their 3 -ends. A consensus sequence was compiled and it was found to be distributed 
amongst 4 exons spanning approximately 130 kb (Figs. lA and 3). A single cDNA (266552) 
representing transcript B shared exact identity with transcript A except for the omission of 
a 1,700 bp segment due to splicing (Figs. 3 and 4). By comparing the corresponding genomic 

20 regions to the cDNAs a common origin for transcript A and B could be verified suggesting 
they are alternative forms of the same gene, the gene-products, of which, would be 
predicted to have unique carboxyl-terminal amino acid sequences (Figure 4B). 

Figure 4 shows the nucleotide sequence of cDNA encoding the EPM2A gene 
together with the predicted amino acid sequence. (A) The consensus nucleotide sequence was 

25 derived from the cDNA clones 266552, RACE-A, RACE-B, RACE-C, and RACE-D shown in 
Figure 3. The position of the mutations identified are indicated. The (*^) indicates a stop 
mutation site and the position of 2 known splice junctions is shown by the horizontal arrows. 
An A to T polymorphism which is present in approximately 40-50% of the population is 
shown; (B) the deduced C terminus of transcript A compared with transcript B. The latter 

30 arises due to the removal by splicing of nt 738-2508 (Figure 3 and Figure 4A), which would 
be predicted to generate an isoform with a unique 3 ' end. At the present time, transcript B 
is known to extend to position 94 of the predicted amino acid sequence shown (Figure 4A). 
Transcript C (cDNA SFB14) is described elsewhere (C), the putative FTP active sites of 
EPM2A, MTMl, PTEN, PTP18, dPTP61F and viral FTP. The shaded amino acids (C and R) 

35 represent catalytic residues. On the basis of sequence analysis alone, laforin predicts an 
intracellular FTP with dual specificity phosphatase activity. 

The inventors determined a partial map (Figure 3) and sequenced the 
corresponding genomic regions that contained nucleotide identity to these segments to prove 
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their common origin. The results suggest that transcript A, B, C and D are indeed 
alternatively spliced forms of the same gene. The consensus sequence presently compiled for 
transcript A was distributed amongst at least 4 exons sparming greater than 50 kb while 
transcript B was represented as a contiguous segment of DNA. A single EST clone, 743381, 
5 which represents another alternatively spliced form that appeared to be most common to 
transcript A was also identified (Figure 3A). It contained at least 8 exons (Figure 3) but a 
significant open reading frame was not detected. The newly identified gene, EFM2A, 
which encodes Laforin, was the only one determined to be deleted in family LD-L4 (Figure 
1). 

10 Two other single cDNA clones, SFB14 and 743381, which could represent 

additional alternative forms of EPM2A, were also identified (Figure 3). SFB14 was 
contiguous to genomic DNA and identical to the 3'-end of transcript A except it's open 
reading frame (ORF) was predicted to extend 48 amino acids 5' into the last intron shown in 
Figure 3. Clone 743381 contained 8 exons with appropriate exon-intron boimdaries (Figure 3) 

15 but its significance could not be assessed due to the lack of continuous open reading frame. 

In addition to the essential cysteine and argrnine residues found in all FTPs 
(Figure 4C), EPM2A contains an aspartic acid positioned 31 residues amino- terminal of the 
cysteine nucleophile. This amino acid is important for catalysis as it is located on a loop 
that undergoes conformational change when substrate is bound to enzyme. 

20 The corresponding mKNA for EPM2A was determined to be 3200 nucleotides in 

length in multiple tissues based on RNA gel-blot hybridization experiments. Figure 5 
shows RNA expression pattern of the Laforin gene. Northern blot analysis in different 
tissues as indicated at the top. The probes used are described in the Materials and Methods 
and the exposure time was 4 days at -SO^C. The EPM2A message is observed in all tissues 

25 tested and the apparent overexpression in heart and skeletal muscle is due to overloading 
of mRNA in these lanes as was seen when using any gene-specific probe. The results of 
Figure 5 illustrate that strong hybridization signals were detected in skeletal muscle RNA 
and clear signals were also seen in heart, brain, placenta, lung, liver, kidney and pancreas. 
In addition, the same size mRNA was detected in cerebellum, cerebral cortex, medulla, 

30 spinal cord, occipital pole, frontal lobe, temporal lobe, and putamen. Identical results 
showing the same 3200 nucleotide message and tissue distribution were observed when a 
DNA probe believed to be specific for each isoform of the gene based on the established 
consensus sequences, was used. For example, a probe derived from the 3'-UTR region of 
transcript B of EPM2A was determined unequivocally to be specific for this isoform. For 

35 transcript A, the probe was generated from the unique region shown in Figure 4A and RT- 
PCR experiments seemed to confirm the specificity of this fragment (data not shown). On 
the basis of northern-blot results and the relative number of ESTs identified, it is probable 
that transcript A represents the major isoform of EPM2A, and that it corresponds to the 
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3.2kb mRNA. From the analysis of the genomic DNA sequence, we have identified an 
additional ORF at the HTF-islahd {Figure 3). As this predicted exon has all the proposed 
features of the consensus sequence of a eukaryotic translation initiation site, and 113 nt of it 
ate represented in the consensus cDNA sequence, it could represent the 5 ' end of EPM2A, 

The protein enpdded by EPM2A contains an amino acid motif (Figure IC) that 
corresponds with thejemsensus sequence, HcxxGxxRS(T), of the catalytic site of FTPs. In 
addition to the e^ential cysteine and arginine residues found in all PTPs (Figure 4C), 
EPM2A contemns the expected aspartic acid necessary for completion of the catalytic 
reaction^^^ositioned 31-aa N terminal of the cysteine nucleophile. 
10 In an attempt to isolate the remainder of the coding region for these transcripts 

we performed multiple rounds of 5'-RACE on total brain and poly(A)+ mRNA which has 
allowed us to extend transcript A (but not transcript B) further. Beyond the most 5'- 
sequences shown in Figure 4, however, all of the RACE clones recovered seemed to share the 
expected DNA sequences but then diverged in different ways that did not allow for a 
15 common consensus to be established. However, comparative DNA sequence analysis of the 
human EFM2A gene its corresponding mouse homolog (also called EPMA) confirmed the full 
length gene sequence as shown in Figure 13. 

The deduced amino acid sequence of the newly identified protein(s) indicated 
that transcripts A, B, C and E) encode a 9 amino acid motif (Figure 4A) that corresponds 
20 exactly to the consensus .^quence, HCxxGxxRS(T), of the active catalytic site of protein 
tyrosine phosphatases/(PTPs) (14,15). So far, no other structural motifs could be identified, 
and from the sequ^ce it is not apparent if this protein belongs to the receptor-like PTPs, 
the intracelWlar PTPs, or the dual specificity phosphatases (DSPs) which 
dephosphp^Iate both tyrosine and serine /threonine residues (16). The identification of 
25 the E5M2A gene as a putative FTP provides the first clue to tmderstand the basic defect. 
y At the HTF-isiand shptvn in Figure 3, we have identified through GRAIL 

analysis (http://compbio.ornLgov) an additional putative exon 189 nucleotides in length. 
An ATG (AUG) triplet is pr^ent at the beginning of this predicted ORF and the nucleotide 
sequence surrounding the consensus sequence (CCCGCCAUGC) has the proposed features of 
30 the consensus seqn&^e (GCCA/GCCAUGG) of a eukaryotic translation initiation site (12). 
The predicted start exon maintains open reading frame with the most 5 ' sequence of 
transcript A/and this combined stretch of 298 nucleotides contains exon/intron junction 
sequenc^with splice sites that confirm with the consensus in other mammalian genes. If 
the mmicted exon is part of EPM2A, transcript A would be predicted to be 317 amino acids 
35 1q4. 
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EX AMPLE 2 
EPM2A Mutations 

^^^^ ^ ^^^B availa^^ genomic structure for the gene, the inventors' screened an 

affected member from each'of 30 Lafora families for mutations by direct DNA sequencing, 
5 A total of 14 mutation^/Jvere detected consisting of 12 different DNA sequence alterations 
and 2 microdeletion^ The mutations are summarized in Table 3. The mutation from C to A 
at position -12 refers to a mutation that occurs 12 bases upstream from the ATG start codon in 
Figure 13. Spme of the sequence upstream of the ATG is as follows: 
fattcgcgccgCcgccgcccgccATG. 
10 The jjmtation site at -12 is indicated with a capital C. To date, mutations have been found 
ij/65% of EPM2A families. Some of the mutations are discussed below. 
y Two mutations tha^^^sed on the current consensus sequences were specific for 

^^^^ transcript A, could be detecte^. Family LD-5 contained a homozygous C to T point mutation 
which resulted in an arginine to cysteine change affecting a region of unknown fimction. To 
15 test for the presence/of the C to T point mutation in family LD-5 in the unaffected 
population PGR w^s completed on 54 samples (108 chromosomes) using JRGXBF and JRGXBR 
primers and the product was blotted in duplicate. One membrane was hybridized with a 
wild type oligonucleotide (ATCATGACCGTTGCTGTAC) and the other with LD5 mutant 
(TCATpATGACTGTTGCTGTAC) oligonucleotide at 42°C (washing with 5X SSC at room 
20 teinperature for 20 minutes followed by 2X SSC 20 minutes at 65°C). No mutant alleles were 
fecund. 

The inventors have screened 100 normal chromosomes for this change and no 
mutant alleles were found. In family 1-22 a homozygous G to T non-sense change in a region 
specific to transcript A would predict premature termination of the EPM2A protein. In 

25 sequences common to both isoforms the inventors detected in the consanguineous family 
EPM2A00-4^ a homozygous insertion of an A which would result in a frameshift that would 
cause an interruption of the tyrosine phosphatase domain. The inventors have identified 
in 4 consanguineous families a homozygous nonsense mutation which results from a C to T 
change which causes the introduction of a premature stop codon just preceding the tyrosine 

30 phosphatase domain. This same nonsense mutation was found on one chromosome of one 
additional family (L6) while the other chromosome had a G to A change resulting which 
results in a glycine to serine non-conservative substitution. Finally, in family LD-33 an A to 
T transition results in a glutamine to leucine change in a residue located just after the 
tyrosine phosphatase domain near the carboxy terminus. This mutation, apparently the 

35 mildest found, occurs in a family with relative preservation of mental functions and a 
relatively protracted course (13). The five families having the C to T change are all of 
Spanish decent indicating this may be the common mutation in this ethnic background. 
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Figure 6 shows representative mutations found in 2 Lafora's disease families. 
The left, middle, and right panels show the in-frame sequence of 5 codons surrounding an 
unaffected non~EPM2A carrier sibling, a EPM2A-carrier parent, and an affected EPM2A 
individual, respectively. (A) Family LD-16 in which a homozygous C to T transversion 
5 results in the introduction of a stop mutation, and (B) Family LD-33 in which a homozygous 
missense results in a glutamine to cysteine change. 

The unraveling of the aetiopathogenesis of Lafora's disease needs to include an 
understanding of the formation of the pathognomonic Lafora bodies. These imique structures 
have been found in LD patients in the same tissues in which we have observed EFM2A 

10 expression (6-8, and Figure 5). Polygiucosans are imbranched equivalents of glycogen (10). 
Poiyglucosan bodies resembling and sharing common antigenicity with Lafora bodies have 
been found in glycogen storage disease type IV (Andersen disease) and in the normal corpora 
amylacea of aged brains (17). Andersen disease has been shown to arise due to mutations in 
the a-1,4 glucan gene on chromosome 3 which codes for the glycogen branching enzyme (18). 

15 It is possible that mutations in a gene that lead to the lack of production of the Laforin 
tyrosine phosphatase protein could affect the metabolism of glycogen. Both glycogen 
biosynthesis and breakdown are heavily regulated by phosphokinases and phosphatases 
(14). 

EPM2A has at least two alternate forms (as does MTMl) which appear to 
20 encode protein isoforms that might be predicted to have different fimctions or subcellular 
localizations in a manner analagous to the Drosophila FTP, dPTP61F, which also undergoes 
alternative splicing at the 3' end (24 ,21)* In the case of dPTP61F, it is known that the 
alternate carboxy termini govern the localization of the protein to either the cytoplasmic 
membrane or to the nucleus (24). 
25 Although it seems that the accumulations in Lafora bodies are responsible for 

neuronal death in Lafora' s disease, it is not clear whether the epilepsy is secondary to 
neurodegeneration or is a direct result of abnormal neuronal Laforin expression. In various 
models, both synaptic transmission and key components of neuronal excitability such as the 
NMDA type of voltage-gated calcium channels appear to be subject to phosphoregulation 
30 (19,20). 

With 75 of 500 different potential DSPs and PTPs discovered so far, this 
evolving family of phosphatases is likely to have as diverse and as important a role in 
various regulatory processes as its counterpart family of protein tyrosine kinases. 
Biological functions attributed to these proteins so far include regulation of neuronal 
35 adhesion, control of axonal pathfinding, regulation of growth factor, cytokine and 
oligomeric receptor signaling, and dephosphorylation of MAP Kinases (MAPKs) and other 
roles in tumor suppression (16). Involvement of members of this phosphatase family in non- 
neoplastic diseases has been found in only one other human disorder, namely X-linked 
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myotubular myopathy (21), In this disease, mutations of the DSP MTMl result in an arrest 
of muscle maturation in utero after a period of normal development (22). 

Laforin is the first member of the family of PTPs and DSPs to be involved in 
human central nervous system disease. Further investigation will be necessary to 
5 understand its role in normal brain, in the formation of Lafora bodies and in Lafora's 
disease and its epilepsy. 
EXAMPLES 

Summary of Common EPM2A Mutations 
Patients and methods 

^10 Patients reputed here had biopsy-proven Lafora's disease. Polymerase chain 

reaction (PGR) /primer sequences and conditions were: JRGXBF: 

5'-TCCATTGTGCmATGCTATCTC-3', 

JRGXBR: 5'-TCAGCTTGCTTTGAGGATATTT-3V 

HIF: 5 -GAA/fGCTCTTTCCACTTTGC-3, 
15 PTPR: 5 -GCX:TCCTTAGGGAAATCAG-3'; 

Anneajmg: 62*^; [MgC12]=:=L25mM. Stock DNA was used; PGR products were purified on 

Qiagen colurrms. Restriction digests were performed at 37^, and products were run on 3% 

^^rose gels. 

Results 
20 Mutations 

EPM2A is composed of 4 exons located within a -130,000 bp span of chromosome 
6q24. Figure 11 shows a refined map of the deletion breakpoints in families LD-L4, LD9 and 
LDl, Filled symbols indicate patients with LD. Open rectangles on the map are the exons 
of EPM2A. Genomic structure aroimd exons 1 and 2 is shown to scale. PGR markers 

25 365G1.H65, 266B13, D6S1703A, JRGBF/R, LDXDF/R, 109F4.E.05 and dj28H5T7 were tested. 
Primer sequences can be obtained by looking up PAG 466P17 at http://www.sanger.ac.uk. 
The positions of the forward primers of these markers on the PAG are at: 58336, 59869, 
98214, 108805, 123524, 124039 and 132487 bp respectively. The maximum extent of the 
deletions are shown on the right. The deletion breakpoint regions for LD-L4 and LD9 are 

30 coloured black on the map and are distinct from the deletion breakpoint regions for LDl are 
coloured grey. Each of the four deletion breakpoints contains a MIR repeat. 

As a first step towards screening exon 2 for mutations, it was amplified by PGR 
with primers JRGXBF and JRGXBR. In the affected members from three families, LD-L4, 
LD9 and LDl, no PGR product was observed indicating a possible homozygous deletion in 

35 these patients. In order to confirm and characterize the extent of this deletion, PGR was 
performed with primers covering the rest of the gene (Figure 11). The extent of the deletion 
in families LD-L4 and LD9 was determined to be '-75,000bp encompassing both exons 1 and 2. 
A smaller deletion of ~25,000bp was found in family LDl. 
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Screening Tests for the More Common Mutations 

Figure 12 shows restriction endonuclease screening for the two common mutations 
in exon 4. (A) Restriction map (to scale) of PGR product with primers HIF/PTPR. H, 
Haelll restriction enzyme sites one of which is destroyed by the C->T mutation; boxed P, 
5 PstI site created by the G->A mutation. (B) Haelll and PstI digestion of the HIF/PTPR 
PGR product. Lane 1, 1Kb ladder, lane 2: normal non-carrier individual with Haelll 
digestion, lanes 3 and 4: appearance of an abnormal 199bp band in a carrier with the C->T 
mutation (lane 3) and a patient with a homozygous mutation (lane 4); lane 5: PSTI 
digestion does not affect normal non-carriers, lane 6: PstI digests the PGR product into two 

10 smaller fragments in a carrier of the G->A mutation. In patients with a homozygous G->A 
mutation PSTI digestion should result in the disappearance of the 520 bp original band. 
However, we presently do not have such a patient in our data set. 

The most common EPM2A mutation to date is a C->T nonsense mutation of the 
second base pair of exon 4 observed in 9 families (Table 2). Primers HIF and PTPR amplify 

15 a 520bp DNA fragment encompassing exon 4 and including several recognition sites for the 
restriction enzyme Haelll, one of which is destroyed by the G->T mutation. Digestion of 
this PGR product with Haelll in normal non-carrier individuals results in nine small bands 
the largest of which is 102bp. Digestion with HaelU in carriers or patients results in the 
appearance of an abnormal 199bp band (Figure 12A and 12B). Carriers cannot be 

20 distinguished from patients who carry this mutation on both chromosomes using this test 
(Figure 12B). 

The second most common mutation is a G — > A mutation of bp 115 in exon 4 
observed in 4 families (Table 2). This mutation creates a unique PstI restriction site in the 
sequence of the HIF/PTPR PGR product- PstI does not digest this 520bp PGR product in 

25 normal non-carrier individuals. Carriers will therefore have one normal 520bp band and 
two variant bands of 195bp and 315bp (Figure 12A and 12B). Patients homozygous for this 
mutation will only have the abnormal bands. 

Finally, several families with deletions of EPM2A have been described in 
Table 2, Two of these families (LD-L4 and LD9) appear to have identical --75Kb deletions 

30 (Figure 11), which are different from the other two (Table 2). Nonetheless these three 
different deletion mutations all encompass exon 2 (Figure 11, Table 2). Patients homozygous 
for any of these deletions can be picked up by the absence of PGR amplification using 
primers JRGXBF/JRGXBR and appropriate controls (Figure 11). 
Discussion 

35 LD is most frequently diagnosed in societies with high rates of consanguinity. 

There also seems to be an excessive reporting from countries surroujiding the Mediterranean 
basin, and many of those families appear not to be consanguineous. This initially suggested 
that like other PMEs such as Unverricht-Lundborg disease (27) or the Neuronal Ceroid 
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Lipofuscinoses (28), LD might be caused by a common mutation in most cases. This was 
shown not to be the case. The large number of different mutations renders their detection for 
clinical purposes difficult. 

The simple DNA-based tests described above can be used to screen for the three 
5 more common mutations in the following fashion. Digestion of the PilF/PTPR PCR product 
with Haelll and PstI detects the two more common mutations and will confirm that an 
individual is a carrier of one or the other mutation. The PstI test can further establish 
whether a patient or fetus is homozygous for the G->A mutation. In order to establish if a 
patient is homozygous for the mutation detected by the Haelll test, further analyses will 
10 be required such as allele specific oligonucleotide hybridization or DNA sequencing. 

PCR using JRGXBF/JRGXBR will detect the deletion mutations described in this 
report, but only in homozygous state. This simple test can therefore serve for prenatal or 
symptomatic diagnosis, but cannot detect carriers. For carrier testing in these families 
further work will be required. For example, in three of the deletions (LD-L4, LD9), the 
15 polymorphic microsatellite marker D6S1703 is encompassed in the deletion and can be used 
to detect carriers by testing for loss of heterozygosity. 

The C->T mutation appears to be common in patients of Spanish (or Iberian) 
origin (Tables 1 and 2). The -75 Kb deletion was observed in two of two Arabic families in 
our data set (LD-L4 and LD9). Parenlhetically, LD9 is the same Arabic family described in 
20 reference 29 in which two affected siblings had discordant biopsy results. While false 
negative biopsies are usually due to insufficient sampling and/or biopsies done early in the 
course of the disease, genetic testing should not have these limitations. 

Additional EPM2A mutations remain to be found as presently we have 
identified mutations in only 65% of families. Furthermore, we have recently shown that 
25 an altogether different gene other than EPM2A causes LD in up to 20% of patients including 
the families from the French Canadian province of Quebec (30). These patients are 
clinically and pathologically indistinguishable from those with EPM2A mutations (30). 

Two deletions with different deletion breakpoints are described in this 
Example. Interestingly, analysis of the sequences of the breakpoint regions revealed the 
30 presence of the mammalian-wide interspersed repeat (MIR) (31) in all four breakpoint 
regions (Figure 11). DupKcated or repetitive sequences flanking deleted genes or exons of a 
gene have been imphcated in the generation of such deletions due to unequal 
recombinations. A well-studied example of this from the neurological literature is 
Hereditary Neuropathy with Liability to Pressure Palsies. The putative mechanism in 
35 that deletion is complex involving a large manner repeat which codes for a transposase 
that might facilitate the recombination (32). The role, if any, of the short MIR repeats in 
the generation of the deletions in our LD patients is now under investigation. 
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In conclusion, the inventors have identified new EPM2A deletion mutations and 
described DNA-based screening tests for the detection of the more common EPM2A 
mutations. Further mutations in EPM2A and in the yet unidentified second gene, EPM2B, 
will improve the role of genetic testing and will provide insights into the function of the 
5 gene product laforin and the pathogenesis of LD, 

While the present invention has been described with reference to what are 
presently considered to be the preferred examples, it is to be understood that the invention 
is not limited to the disclosed examples. To the contrary, the invention is intended to cover 
various modifications and equivalent arrangements included within the spirit and scope of 
10 the appended claims. 

All publications, patents and patent applications are herein incorporated by 
reference in their entirety to the same extent as if each individual publication, patent or 
patent application was specifically and individually indicated to be incorporated by 
reference in its entirety. 
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Table 1. Summary of mutations. 



Family 


Genetics^ 


Mutation/ 
(primers used)^ 


Predicted effect 


LD-L4 


consanguineous 


homozygous deletion 
(D6S1703 and 109F4.E0.5) 


deletion of the 
majority of EPM2A 


LDlOO-4 


consanguineous 


homozygous insertion of A 
resulting in a frameshift 
(824F and 824R) 


interruption of the 
tyrosine phosphatase 
domain 


1-22 


consanguineous 


homozygous mutation G T 
(JRGXBCP and JRGXBCFR) 


glutamic acid stop 


LD-33 


consanguineous 


homozygous mutation A T 
(824F and 824R) 


glutamine — > leucine 


LD-5 


consangmneous 


homozygous mutation C — > T 
QRGXBCF and JRGXBCFR) 


arginine — > cysteine 


L6 


consanguineous 
(compoiand 
heterozygote) 


1. C-> T (824R and HIF) 

2. G A (824F and 824R) 


1. arginine stop 

2. glycine serine 


LD-16 


consanguineous 


homozygous mutation C — > T 
(824R and HIF) 


arginine -> stop 


LD15 


consanguineous 


homozygous mutation C — > T 
(824R and HIF) 


arginine— » stop 


LD-48 


consanguineous 


homozygous mutation C T 
(824R and HIF) 


arginine — > stop 


LD13 


consanguineous 


homozygous mutation C — > T 
(824R and HIF) 


arginine stop 



^ Families L6, LD-16, LD15^ LD-48 and LD13 are of common ethnic backgroimd. 
^ The location of the PGR primers and mutations are shown in Figures 3 and 4, respectively. 



L 


Italian 


heterozygous mutation 


^'^arginine to stop 


M 




G toA 




L 


Non 


**one mutation 


^^■^^arginine to stop 


B 


-consanguineous 




codon ( one 




Bolivian ethnicity 




chromosome) 
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Table 2: Most common EPM2A mutations to date 



Mutation 


n 


Ethnic Origin 


1 


C->T nonsense 


5 


Spanish 




mutation of bp 2 of exon 4 


2 


ISpanish, 1 Italian 


2 


G->A missense mutation 
of bpll5 of exon 4 


1 


Spanish 


3(a) 


^75kh deletion 


2 


Arabic 


(b) 


'-25kb deletion 


1 


Iranian 



Total= 17 



* n is the number of families with corresponding mutation 
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TABLE 3 



Nucleotide Position Amino Acid Change 
Mutation (Figure 13) (Figure 14) 





721 


Arg (241) stop 


insert A 


800 


Premature stop 


^ A 


836 


Gly (279) -» Ser 




163 


Glu Stop 


T-^ G 


94 


Trp(32)^Gly 


A.-^G 


146 


Asp (49) Gly 


— t 1 


412 


Glu (138) stop 


A^ T 


878 


Gin (293) -> Leu 


Delete G 


235 


Premature stop 


G -^ A 


179 


Trp (60) stop 




322 


Arg (108) -> Cys 


C -^ A 


-12 




"iDeletion (75 kb) 


axons 1 and 2 




beletion (25 kb) 


exon 2 





